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Outline

• Hearing loss project supported by HMRF 
(Ref No. 01120256; Jan 2014- Dec 2015)

• Introduce genome sequencing technologies 
and 

• How genome sequencing helps research and 
enhance quality healthcare in Hong Kong 



•Definition: partial or complete inability to hear sound in one 
or both ears*

• Incidence: three per 1000  newborns, one of  the most 
common birth defect.†

•Epidemiological survey‡ : 
360 million people worldwide
20 million in China,  1.5% of total population

MORE COMMON than DOWN SYNDROME!! 

* http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0003535/
† Olusanya, B. O., and V. E. Newton, 2007 
‡ WHO global estimates on prevalence of hearing loss, 2012.

Hearing Loss



Prevalence of Hearing Loss Increases With Age



Hearing loss affects children

• Causes delays in speech and language skills 
"s", "sh", "f", "t", "k" and "ed" 

• Language deficit results in lower academic 
achievement 

• Communication difficulties lead to social isolation and 
poor self-concept 

• May have an impact on vocational choices 



The earlier of intervention, 
the better performance

“Infants who are diagnosed and received intervention before six 
months of age score 20-40% points higher on the school related 
measure, e.g. language social adjustment and behavior, compared 
with hearing-impaired children who receive intervention later on. ” 



Etiology of Hearing Loss 

Ototoxic drugs
Antibiotics: aminoglycoside, such as Gentamicin 

- patients with specific variants in the mitochondrial genome (mtDNA)
Loop Diuretics: Furosemide 
Chemotherapy agents: Cisplatin 

>50%

https://www.ncbi.nlm.nih.gov/books/NBK1434/







HMRF funded project challenges current clinical practice paradigms by
integrating target sequencing (NGS) into newborn screening for HL,
because limited genetic testing is currently performed for newborns
with HL, and only ~50% of infants with HL will have an identifiable cause.





Main findings



Consensus interpretation in ClinGen Hearing Loss Working Group
p.Met34Thr and p.Val37Ile (c.109G>A) variants in GJB2 Related Hearing Impairment 

Clinical implications



Key Impacts

1. On deaf individual
• Enabling diagnosis through data sharing
• Guiding management for optimal outcome

2. On family
• Counseling for recurrence risk 
• Informing pre-implantation/prenatal diagnosis

3. On healthcare system
• Reducing costs of unnecessary clinical testing
• Becoming referral center for diagnostic testing
• Demonstrating value of integrating genomic sequencing into 

newborn screening



Lessons learned



Requires different methods to study the 
full spectrum of genome variants

Lupski. American Journal of Human Genetics 2019Karyotyping (70`)

chromosomal microarray analysis (CMA)1



Genome sequencing vs. CMA (Exome)

Exome: corresponds 1.5%-2% of the genome
CMA:   limited and uneven genome coverage

Genome Sequencing Technologies

Genome sequencing even coverage 
down to single bp resolution



Superiority of Whole Genome Sequencing (WGS)

chromosomal microarray analysis (CMA)1G banded karyotype Next generation sequencing 

1. SMFM. et al. Am J Obstet Gynecol. 2016
2. Wright CF, et al. Nat Rev Genet. 2018. 
3. Chau  & Choy   Curr Opin Obstet Gynecol 2021 

Karyotype

Resolution 5-10Mb

Number of loci ~500

Variants detected Variants>5Mb

Variants per person 0 or 1

Diagnostic yield 5-15%

CMA

50-100Kb

~0.05-2 million

Copy number variants

10-100s

12-20%

WES

1bp

~50 million

SNVs/InDels (mainly) in 
coding regions

~20,000

20-37%

WGS??



Not uncommon in prenatal diagnosis

11 wk; NT 
=9.1mm

CVS:  
Karyotype and 
CMA
= normal

Is my baby 
normal?



Whole Genome Sequencing (x30)

gene

reads

Expensive and  many VUS

AGTCTG…CATGAT

gene

reads

Low-pass WGS (>x0.25 to x10) Cheap and high throughput



Genome Sequencing



Enhancement of Prenatal Diagnosis for Special Cases with the 
Introduction of Public funded  Whole Exome Sequencing (WES) or 
Whole Genome Sequencing (WGS) in 2021

Existing service & current situation
• Publicly funded 1st tier Down screening was introduced in 2010; 2nd tier with Non-invasive prenatal 

testing (NIPT) in 2019 and Chromosomal Microarray (CMA) for high risk cases in 2019

Service gap and size of problem (Jan 
2019 to Mar 2020):
• Special prenatal cases with the 

presence of ultrasound fetal 
anomalies, but CVS/amniocentesis 
 PCR, karyotyping & CMA could 
not give a diagnosis in >50% of 
these special cases, which require
WES or WGS to further improve 
prenatal diagnosis

• Offer special prenatal cases (HA) 
indicating for WES or WGS per year 
to start with from 2021/22 for 3 
years

CC (Genetic Service)

Choy et al. Front Genet. 2019 



Couples with recurrent miscarriages are never easy

Psychological 
effects

Finance

Treatment & 
beyond

Relationship

Health

https://www.miscarriageassociation.org.uk/
https://babygest.com/en/recurrent-miscarriage/

Definition- ≥ 2 times consecutive miscarriages (<24 weeks)

 Common in Hong Kong, recurrent miscarriage (RM) affects 
 approximately 1 in 100 women1,2(≥3 times) and becomes 1 in 20 (≥2 times)

https://www.miscarriageassociation.org.uk/
https://babygest.com/en/recurrent-miscarriage/


• The most common cause of 
early spontaneous miscarriage

• Fetal aneuploidy;
• Parental balanced 

chromosomal rearrangements;
• Other genetic disorders…

Genetic factors: most common causes of RM

50–60%

10–15% 
• Congenital anomalies;
• Uterine fibroids…

Unknown

5–15%+

• Antiphospholipid syndrome;
• Alloimmune dysfunction;
• Other immunological factors…

15–20%
• Diabetes/thyroid dysfunctions;
• Androgen disorders;
• Polycystic ovary syndrome…

Genetic

Miscellaneous

Anatomical

Immunological

Endocrine

• Infectious;
• Environmental/exercise/stress;
• Toxic habits;
• Other unknown factors…

Whose problem?

Garrido-Gimenez C, et al.,  2015;91:151-162.

Up to 5% of RM is 
associated with a parental 
balanced chromosomal 
rearrangement



A modified genome sequencing approach



Pilot Genome Seqencing data:
Recurrent Miscarriage couple

• Low-pass genome sequencing in RM couples 
– : SV & CNV defects common: 1 in 9 couples

• Doubled diagnostic yield to 11.7% (instead of 5%)
• Addressed limitation of current methods (karyotyping)

Dong et al., AJHG 2019



126 couples with balanced chromosomal 
rearrangements identified by Genome 

Seq

Additional detection by 
Genome Seq (n=50)

Natural 
pregnancy

(n=10; 20%)

Detected by both methods 
(n=76)

Miscarriage or 
fetal anomalies

(n=5; 50%)

IVF+PGT (n=26)

Pregnancy (n=19; 73%)

Miscarriage
(n=1; 5.2%)

Potential long-term impact of genome sequencing in 
reproductive medicine?

PGT helps RM couples prevent 
subsequent miscarriage



CRF funded infertility study

Method: low-pass genome sequencing and long-read sequencing
Comprehensive analysis of CNV, SV and AOH in WGS Trios (N=900) 



• Providing a genetic diagnosis for patient with 
syndromal and non-syndromal hearing loss Etiology

• Identifying genetic factors including previously 
unknown SVs, CNVs and SNVs among the 
abortuses and infertile couples contributory to 
RM

Novelty

• Making GS technology translational into clinical 
diagnostics locally in Hong Kong and globallyTranslational

• Training staff for the HK strategic service 
framework in genetic and genomic services 
and global needs

Training and 
Education

HMRF project summary



Currently, we provide four different DNA-based 
NGS genetic diagnosis services in Hong Kong

(3) FetalExome

(4) GenomSeq

Dong et al...Choy KW Genet Med. 2018; 2021
Wang et al....Choy KW Genet Med. 2020
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